A particle-hole model is developed to describe the excitation spectrum of single Λ hypernuclei and the possible presence of collective effects is explored by making a comparison with the mean-field calculations. Results for the spectra of 
Introduction
The properties of hypernuclei have been widely studied in several experiments and today they are the object of a rich experimental program. The first experiments were aimed at identifying the hypernuclei and at determining the energy of the hyperon embedded in the nucleus. Presently, the improvement of the experimental techniques allows the measurement of high-quality excitation spectra, which have been studied in (π + ,K + ) [1, 2, 3, 4] , (K − ,π − ) [5, 6, 7] or (e, e ′ K + ) [8, 9, 10] reactions. In the future, further advance in these studies will be gained by means of γ-ray spectroscopy, which will become a standard investigation tool [11, 12] .
From the theoretical point of view, single-Λ hypernuclei have been studied within the mean-field (MF) approximation: the hypernucleus is seen as a many-body system containing an impurity, and its properties are solely determined by those of the hyperon moving in an average potential generated by the interaction with the nucleons. When applied to various medium heavy nuclei, the MF model is quite successful in reproducing the single hyperon energies, which are single particle properties of the system. On the other hand, the excitation spectra of hypernuclei are, in general, related to the system as a whole.
In purely nucleonic nuclei there are large differences between the experimental excitation spectrum and that predicted by the MF model, where the excitation energies are simply given by the differences between the energies of the particle and hole states. This indicates that the many body-terms of the hamiltonian neglected in the MF approximation play a relevant role. It is therefore interesting to study also the excitation spectra of hypernuclei by using models beyond the simple MF approach.
In the past this kind of studies have been done within the Tamm Dancoff Approximation (TDA) [13, 14] , which describes the many-body excited state as a linear combination of particle-hole excitations of a MF ground state. The theoretical inconsistencies of the TDA theory are overcome by the Random Phase Approximation (RPA) theory which considers some ground state correlations [15] .
We have developed an RPA-like model which describes the spectra of single Λ hypernuclei. In our model, the hypernucleus is formed when a nucleon, from its state below the Fermi surface, a hole state, is transformed into a Λ which lies in one specific particle state. The excited state of the hypernucleus is a combination of various particle-hole excitations. This combination is ruled by the residual Λ -nucleon interaction. The relevance of the residual interaction, and therefore the possible presence of collective phenomena, is investigated by comparing MF results with those obtained by our model.
In the next section we present the details of the model. In Sect. 3 we describe how we have chosen the input of our calculations, namely the set of single particle wave functions and energies, and the effective Λ -nucleon interactions. A selected set of results concerning hypernuclei obtained from doubly-closed shell nuclei is discussed in Sect. 4 . Finally, in Sect. 5 we summarize the basic findings of our study and draw our conclusions.
The formalism
The starting point of our model is the MF description of the many-body system. Each baryon is described by its single particle wave function φ α and energy ǫ α , where α indicates the set of quantum numbers which identify the single particle level.
The definition of the single particle basis allows us to write the many-body hamiltonian as [15] 
where we have indicated with a † and a the creation and annihilation operators, and with N the normal ordered product operator [16] . In the above equation, the bar over the interaction V indicates that both direct and exchange terms are considered, the h label identifies a state below the Fermi surface, while the Greek subindexes refer to states above or below the Fermi surface.
We describe the formation of the hypernucleus as a time dependent fluctuation of the MF ground state. We solve the time dependent Schrödinger equation by using the variational principle δ < Ψ(t)| H − i ∂ ∂t |Ψ(t) > = 0 .
We search for the minimum of the above energy functional within the Hilbert subspace spanned by trial wave functions of the form
where |Φ 0 > indicates the MF ground state of the system, formed by nucleons only. In equation (3) we have indicated with a † Λ the operator which creates a Λ , and with a h the operator annihilating a nucleon. The coefficients C Λh (t) are complex numbers.
By using the ansatz (3) in Eq. (2) we express the variational equation as
By making a power expansion of the exponential of Eq. (3), and retaining only the terms up to the second order in C(t), we obtain the expression [15] 
Since we are looking for oscillating solutions, we write the coefficients as
and by equating positive and negative frequencies components we obtain the equations
Introducing the matrix elements
equations (7) and (8) can be expressed in the following matrix form
where we have defined ω = ν. We have rewritten the secular equations in a matrix form to show their similarity with the traditional RPA secular equations [17] . Our derivation of the secular equations shows that the W and Z amplitudes are introduced on equal footing, and that the choice of neglecting one of the two terms of Eq. (6) is a further approximation of the theory. On the other hand, the derivation of the secular equations done with the equation of motion method [15, 17] indicates that the Z amplitudes are related to ground state correlations. Neglecting the Z amplitudes produces TDA secular equations which have been used in the past [13, 14] to describe hypernuclei. A discussion on the relevance of the ground state correlations introduced by the Z amplitudes will be done at the beginning of section 4. However, we would like to point out here that the ground state correlations we include are only those described by Λ -nucleon excitations, and not by nucleon-nucleon excitations. For this reason our model does not include nucleonic correlations as it is done in the traditional RPA theory. In our calculations the ground state of the nucleus and the final state of the hypernucleus have definite angular momentum values. For this reason we rewrite the above equations in angular momentum coupling scheme. The angular momentum coupled amplitudes are defined in terms of the uncoupled ones as
and
Here we use the notationĴ
and the term in curly brackets is the Wigner 6j coefficient. The double bar in the matrix elements in Eq. (16) indicates that in the calculation of the angular part we consider the reduced matrix element as defined by the Wigner-Eckart theorem [18] . In calculating the interaction matrix elements we use the Fourier transform of the interaction expressed in momentum space
where we have used q ≡ |q| and we have indicated with σ the Pauli spin matrices and with S 12 the usual tensor operator [18] . The above expression allows us to separate the terms dependent on r 1 from those dependent on r 2 . The explicit expressions of the matrix elements for the various terms of the interaction are given in the Appendix. The solution of Eq. (11) provides the excitation energies ω and also the wave function of the excited state. We then consider the transition from the nucleus ground state to an excited state of the hypernucleus induced by a generic one-body operator T J . The transition matrix element is given by
For the natural parity states we use the operator
where j J (qr) are the spherical Bessel function, and Y JM the spherical harmonics. The matrix elements to be inserted in Eq. (20) are
where R(r) is the radial part of the single particle wave function and
In the above equation we have used the Wigner 3-j symbol [18] , and ξ(l) = 1 if l is even, and 0 otherwise. For the unnatural parity states we use the operators
therefore the matrix elements to be inserted in Eq. (20) are
with
where we have defined
and s = ±1.
We also consider the transition between two excited states of the hypernucleus induced by a generic one-body operator (EM ). By using standard techniques [17, 19] we obtain for the transition matrix elements
We calculate the electromagnetic transition probabilities between two states of the hypernucleus by using the expression [20] 
where the indexes i and f indicate, respectively, the initial and final state of the transition, k is the modulus of the emitted photon momentum, and (EM ) L is the electromagnetic operator, of multipolarity L. In the above equation, as before, the double bar indicates that we have to evaluate the reduced matrix element of the angular dependent part. We find that, in the angular momentum coupling scheme, the reduced transition matrix element between the two excited states i.e. Eq. (27) , can be written as
Details of the calculations
We have applied the formalism described in the previous section to calculate the excitation spectrum of single Λ hypernuclei formed by the excitation of nucleonic doubly closed shell nuclei. (33) and (34) . The values of the w coefficients for the scalar (c) and spin (σ) channels are expressed in MeV, those of the tensor channel (t) in MeV fm −2 . The ranges of the gaussians βi are the same for both LND and LNDE interactions and their values are expressed in fm. Λ O spectrum, obtained in MF approximation, and with the three interactions used in our work, compared to the experimental values given in Refs. [32, 33, 31] . The energy resolution obtained in [32, 33] is of few keV, while that of the 2 + state is of 2 MeV [31] . The MF particle-hole components are also shown.
In analogy to what is done in the application of the Landau-Migdal theory [22] to finite nuclear systems [23, 24] , the mean field is described by a phenomenological potential, in our case a spherical Woods-Saxon well, of the form
where m π is the pion mass and the Coulomb term V t C (r), active only for protons, is that produced by a homogeneous charge distribution. For the nucleonic part we used parameterizations chosen to reproduce the single particle energies of the levels close to the Fermi surface and the r.m.s. charge radii. The parameters of these potentials have been taken from the literature [25] In our calculations also the Λ mean field potential is described by a spherical Woods-Saxon well with a set of parameters values very close to those given in [26] . We used V In both the nucleonic and Λ sectors the mean-field potential is diagonalized in a truncated harmonic oscillator basis. This procedure discretizes automatically the continuum. Since we are interested in the lowest excited states a proper description of the escape width is not necessary [23] . In Sect. 4 we discuss results obtained for excited states dominated by particle-hole transitions where the Λ is in a bound state.
Our calculations have been done with a configuration space which considers 54 single particle levels describing the Λ hyperon, up to the 5p 1/2 level. This corresponds to consider 10 major harmonic oscillator shells. A comparison with results obtained with a smaller configuration space of only 22 states, up to the 3p 1/2 level, shows differences in the eigenvalues of about 10, 20 keV.
As already indicated in Eq. (19) , the residual interaction between Λ and the nucleons is considered to be a sum of scalar, spin and tensor terms
In the above equation N indicates the nucleon and the V c,σ,t ΛN (r) terms are the Fourier transforms of the F Λ , G Λ and H Λ terms of Eq. (19) . With respect to the Λ -nucleon interactions commonly used in shellmodel calculations [11] , we neglect the spin-orbit term. The contribution of this term is rather small [27] , and we consider it at the mean-field level by including a spin-orbit term in the Woods-Saxon potentials. The effects of the spin-orbit terms of the residual interaction have been studied in self-consistent RPA calculations for ordinary nuclei [28] and they have been found to be rather small.
The sensitivity of our results to the Λ -nucleon interaction has been tested by comparing the results obtained with three different parameterizations of the V c,σ,t ΛN (r) functions. In a first parameterization, which we call LNδ, the three functions are assumed to be of zero-range type
The values of the constants U c,σ,t are given in the first row of Tab. 1. For the other two interactions, in analogy to the YNG interaction [29, 30] , we parametrize each radial term of the force (31) as a sum of three gaussians, specifically,
for the scalar and spin terms, and
for the tensor term. The interaction LNδ and the finite range interaction LND are used in calculations where only the direct terms of the interaction matrix elements, see Eq. (16) , are considered, while we consider both direct and exchange terms when we use the finite range interaction we call LNDE. The values of the parameters of each interaction have been chosen to reproduce at best the energies of the first 0 − , 2 − and 1 − excited states of 16 Λ O . These parameters values are given in Tab. 1 and the momentum dependence of the three interactions is shown in Fig. 1 [31, 32, 33] . In the table all the energies have been renormalized to the energy of the lowest state, which, in our calculations, is always the 0 − . We have also calculated the spectrum of 16 Λ O with the YNG interaction of Refs. [29, 30] . This force reproduces the G-matrix interaction built on a Nijmegen Λ -nucleon potential [34] . The spectrum we have obtained with this interaction, is rather different from the experimental one. The lowest energy state is a 1 + followed by a 1 − at 0.49 MeV, a 2 − at 13.34 MeV. The first 0 − state appears at 17.94 MeV. We expected such a bad result, since our theory requires interactions which effectively consider also many-body effects not included in the G-matrix calculations [35] . For this reason a straightforward comparison between our effective interactions with more microscopic interactions is not appropriate.
Results
Before presenting the results obtained by applying our model to Λ Pb hypernuclei, we make a comment about the presence of some ground state correlations in our model. In our approach, these correlations are taken into account by the Z amplitudes. These effects are related to the RPA-like description of the ground state [15] , and they describe a limited set of correlations. For example they do not describe the short-range correlations [36] , and they do not consider the partial occupation probability of single particle states both below and above the Fermi surface. We have already pointed out that in our model nucleonic correlations are not considered.
A quantitative indication of the relevance of these RPA-like ground state correlations, can be obtained by comparing our results with those of the TDA theory obtained by solving Eq. (7) without the term which multiplies the Z amplitude. Since we work with a discrete configuration space, the number of eigenstates corresponding to positive energies obtained in RPA and TDA is the same. For this reason we can immediately identify the energy difference of each eigenstate. As an example of the results we have obtained, we show in Fig. 2 these energy differences for the We observe that only in few cases the energy differences are larger than 10 keV. Specifically, for the states of our interest, below 10 MeV for Λ Pb , these differences are even smaller. The results of our RPA-like theory and those of the TDA are quantitatively equivalent. However, since the RPA is the complete and consistent theory describing linear combination of one-particle, onehole excitations [15] , we used our RPA-like model to obtain all the results presented in the remaining part of the article.
We them by about 4% on average. The experimental splitting between the two 1 − states is not well reproduced. Better agreement could be obtained with a rearrangement of the force parameters, or by including additional force terms such as the spin-orbit or velocity dependent terms.
The structure of the 0 + state is somehow more collective than those of the other states of the spectrum. This feature becomes more evident by observing the transition matrix elements from the ground state to the hypernuclear excited states. In Fig. 3 we show the transition form factors
for the negative parity states of the spectrum and for the 0 + and the 2 + states. The transition operators are defined in Eqs. (21) and (24) for natural and unnatural parity states respectively. For unnatural parity excitations, we use transition operators characterized by L = J ± 1. In the case of the 0 − state only the T J+1 is active, while for the 2 − , both operators are active. In this last case, however, we found that the T J+1 form factor is zero in mean-field approximation, and four orders of magnitudes smaller than the T J−1 form factor when the residual interaction is active. For this reason we neglect it in our discussion. In Fig. 3 are better suited to investigate the 0 + states than experiments which produce hypernuclei with a rather large value of the momentum transfer, such as (e, e ′ K + ) [30] . In Fig. 3 the MF transition form factors are compared with those obtained in our RPA-like calculations with the three interactions. For the cases we have investigated, we have found that the presence of the interaction does not modify sensitively the MF results, but for the 0 + state. In this last case, while the LNδ result is similar to the MF one, the two finite-range interactions produce rather different form factors. In the MF model the particle-hole excitation generating the lowest 0 + state is the (
transition. This is also the main transition (W =0.998) obtained in the calculation with the LNδ interaction. The situation changes slightly when the LND interaction is used, since a relevant contribution of the (1p 3/2 ) Λ (1p 3/2 ) [40] , the measure of the B-values of the transition requires higher statistics. The technological improvements are very promising and these measurements will become feasible in the near future.
In Tab. 4 we compare the 12 Λ C spectrum with the energies measured in the E369 [4] and FINUDA [6] experiments. The uncertainty in the energy resolution of the E369 experiment is about 1.5 MeV, and that of the FINUDA experiment is 1.29 MeV. The angular momentum and parity assignment to the energies measured in the FINUDA experiment is our guess.
The presence in the experimental spectrum of two 1 − states, that we have called 1 − 2,3 , is not predicted by our model. Shell model calculations [41, 42] indicate that these states are produced by neutron-Λ transitions where the neutron is in the 1p 1/2 state, above the Fermi surface in the MF model. The Table 4 : Energies in MeV of the 12 Λ C spectrum calculated in MF approximation and with the three interactions used in our work. The experimental values of E369 [4] are those reported in [11] . The values of the FINUDA experiment [6] have been rescaled with respect to the lowest energy value, and the angular momentum and parity assignment is our guess. The uncertainty in the energy resolution of the E369 experiment is 1.45 MeV, and that of the FINUDA experiment of 1.29 MeV. The MF particle-hole transitions are also shown.
ground state correlations of our approach do not consider partial occupation probability of the single particle levels, therefore we are unable to predict these excitations. A description of 12 C as closed shell nucleus is reasonable in kinematic regions where the detailed shell structure is not relevant, such as giant resonances or the quasi-elastic region, but for the case we are treating it is inadequate. Our model predicts the presence of excited states between 8 and 11 MeV. These states are all coming from the (1p 3/2 ) Λ (1p 3/2 ) −1 n excitation, and in MF approximation are degenerate at 10.03 MeV. The residual interaction removes this degeneracy, and, in general, the excitation energy of each state is lowered with respect to the MF value. The 0 + and 2 + states are the lowest ones. The LND and LNDE interactions give the 0 + around 8.5 MeV, where E369 finds a peak. The identification of this experimental peak with our 0 + is however quite dubious, since the experiment produces hypernuclei by using a probe that transfers high momentum values to the system, while the 0 + response has its maximum at small q values. This is shown in the lowest right panel of Fig. 4 , where the transition form factor of this 0 + state is shown. In our search for collective effects we have studied the transition form factors of the various excitations, and, in Fig. 4 , we show some of them. This figure is analogous to Fig. 3 , but for state we show only the T J−1 form factor, since the T J+1 is zero in the MF model. The figure shows that the 2 + and 3 + transitions are essentially unaffected by the effective interaction, as it is the ground state 1 − transition. The 0 + state, and, much more, the 1 + state, are instead rather sensitive to the presence of the residual interaction. The structure of the 1 + state is not collective. In our calculation this state is described by the combination of two particle-hole transitions, the (1p 3/2 ) Λ (1p 3/2 ) −1 n transitions, which is the dominant one, and the (1p 1/2 ) Λ (1p 3/2 ) −1 n transition. While in MF approximation this state is described only by the first transition, the relative weight of the two Λ O , also in this case the structure of the 0 + state is extremely sensitive to the residual interaction. In our model this state is described by a combination of the (1p 3/2 ) Λ (1p 3/2 ) −1 n transition, the dominant one, and the (1s 1/2 ) Λ (1s 1/2 ) −1 n transition. The coefficients of these two particle-hole transitions are changed by the residual interaction and this produces the changes in the B-values. The agreement between our results with those of the shell model [43] is more satisfactory than in the case of the 16 Λ O hypernucleus. In Tab. 6 we show the results relative to the spectrum of the 40 Λ Ca hypernucleus, for energies smaller than 10 MeV. The changes of the RPA-like energies, with respect to those of the MF calculations, are 3.5%, on average. The only exception is the 1 + 2 state which shows changes around 20 %. We have analyzed the transition form factors of this state, but we did not find any remarkable effect which distinguishes it from the MF result. Table 6 : Energies in MeV of the 40 Λ Ca spectrum calculated in MF approximation and with the three interactions used in our work. Our results are compared with the shell model results of Ref. [44] . We have considered all the states with energy smaller than 10 MeV. The MF particle-hole transitions are shown.
We observe in Tab. 6 that, in our calculations, the ground state of the 40 Λ Ca system is produced by the (1s 1/2 ) Λ (1d 3/2 ) −1 n transition which in MF approximation gives two degenerate states characterized by angular momenta and parity 1 + and 2 + . All our RPA-like calculations remove the degeneracy by lowering the 1 + state, while it is the opposite in the calculation of Ref. [44] . In general, the comparison between our results and those of Ref. [44] shows an agreement in terms of clustering of states around the MF single-particle transitions. However, within the set of states produced by the same MF transition, there are some inversions of the multipoles. This happens for the MF degenerate 2 We have studied the spectra of the 90 Λ Zr and 208 Λ Pb hypernuclei and we have observed that also in these cases the changes with respect to the MF results are rather small, about 100 keV, of the order of the 2, maximum 3% on average.
As an example of our results, we show in Tab. 7 the energies of the excited states of 90 Λ Zr obtained by considering the transitions of the 1g 9/2 neutron hole to the Λ single particle states. This MF picture has been used in the analysis of the (π + , K + ) reaction on 89 Λ Y target [4] . In the same spirit, we have studied the excitation of this neutron hole into the s, p, d, f states of the Λ with j Λ = l Λ +1/2. We have considered all the possible multipole excitations compatible with a specific neutron-Λ transition. Obviously, in the MF calculation all these states have the same excitation energy. Our RPA-like calculations, however, give different energy values for each multipole excitation. In Tab. 7 we compare the MF energies for each transition with our RPA-like energies obtained by averaging the results of the various multipole excitations, and we also show their standard deviation. We observe that, within the statistical uncertainty, RPA-like and MF results coincide. Also the agreement with the experimental values is good, especially if we consider that the data are taken on a 89 Λ Y target, and they have an uncertainty of 1.65±0.10 MeV. The results of an analogous study for the 1i 13/2 neutron hole in MeV, which is the difference between the 3p 1/2 and 1i 13/2 neutron single particle energies. The other energies have been consistently rescaled, and their values are shown in Tab. 8 by the column labeled exp1. The agreement is not satisfactory even if we consider that the experimental energy resolution is of 2.2 ± 0.1 MeV. We then set the position of the second experimental energy at 4.6 MeV, to match our second state, and we rescale the other energies. The corresponding values are shown in the column exp2. In this case the agreement with our results noticeably improves. The source of disagreement with our results is in the energy difference between the first two states.
Up to now, we have presented our results by considering individually each hypernucleus. To give a more general view, we show in Fig. 5 the density of states of the various hypernuclei as a function of the excitation energy. The different lines indicate the results obtained in MF and RPA-like approaches by using the various residual interactions. In our model, the number of excited states for a given multipolarity depends only on the configuration space, and not on the residual interaction. For this reason, differences between the lines of each panel of the figure indicate the relevance of the Λ -nucleon residual interaction which shifts the excitation energies with respect to the MF results. For each hypernucleus, we have taken into account all the possible multipole excitations which provide a solution below 20 MeV.
A first remark on the results shown in Fig. 5 is that the density of states in 208 Λ Pb is almost ten times larger than that of the differences between the various lines seem to be more evident for light hypernuclei than for the heavier ones. This could indicate that the MF approach becomes more reliable the heavier is the hypernucleus, or in other words, that collective effects are more inhibited in heavy hypernuclei than in the light ones. In order to investigate this issue, we have calculated the normalized energy shift with respect to the MF energy,
where we have indicated with N J the number of multipole excitations we have considered, and the index i runs on all the S solutions having the same multipolarity. The above equation is meaningful since, as we have already mentioned, our model produces the same number of excited states in both MF and RPA-like calculations, therefore we can identify the energy shift of each MF solution. We show in Tab. 9 the ∆E values obtained for the various Λ -nucleon interactions. These results indicate that the deviations from the MF model are less important, the heavier is the nucleus.
We have compared the values of the hyperonic energy differences of Tab. 9 with analogous values calculated for excitations of ordinary nuclei. The RPA calculations for the doubly magic nuclei have been done with the zero-range Landau-Migdal interaction of Ref. [45] . This comparison indicates that collectivity in hypernuclei is much smaller than in ordinary nuclei. The ∆E values for ordinary nuclei are about five times larger than the analogous values obtained for hypernuclei. Table 9 : Renormalized energy differences Eq. (36) . We have also indicated the maximum value of the angular momentum of the multipole excitation.
Summary and conclusions
In this article we have investigated the possible presence of collective phenomena, beyond the MF model description of hypernuclei. To this purpose we have developed a particle-hole model where the formation of the hypernucleus is described as the excitation of a nucleon into a single particle state describing the Λ , and the hypernucleus state is a linear combination of elementary single particle excitations, the coefficients of the combinations being determined by the residual Λ -nucleon interaction. Our model is inspired by the RPA theory and considers some ground state correlations which can be described in terms of Λ -nucleon excitations. Purely nucleonic correlations, such as those considered by the traditional RPA theory, are not included. Our calculations have been done by using a discrete single particle configuration space, and with three Λ -nucleon interactions with different properties. Since we have been interested in the low energy part of the spectrum, we have checked the stability of our results with respect to the size of the configuration space, and therefore the scarce relevance of a detailed treatment of the continuum.
When possible we have compared our results with those obtained by other calculations. We obtained a reasonable agreement in [41, 42] , but also for the electromagnetic B-values with shell model results [43, 39] . For the 40 Λ Ca hypernucleus, the comparison with the shell model spectrum of Ref. [44] is not so satisfactory. We have the same clustering of states in the spectrum, but we often obtain an inversion of states within the cluster.
Concerning the comparison with the experimental data, we obtain a reasonable agreement with the energies measured in To investigate the presence of collective effects in the spectra of hypernuclei, we have calculated the form factors of the transition producing the hypernucleus and we have compared MF and our RPA-like results. In few cases we have found remarkable differences, however, in all the cases but one, these differences could be explained by considering the excited state as combination of only two single particle transitions. This is not really what we would call a collective behavior of the system. The only situation standing out of this trend is that of the 0 + excitation in
16
Λ O around 10 MeV, which seems to have a more collective structure.
The energy shifts with respect to the MF results are indicators of effects coming from the Λ -nucleon interaction, and possibly of collective phenomena. Densities of states and average energy shifts do not show remarkable features beyond the MF approach. In our calculations the differences between MF and our RPA-like results become smaller the heavier is the hypernucleus. This is an indication that perturbation effects produced by the Λ on the nuclear systems are better averaged in a heavy system. The average energy shifts for hypernuclear excitations are, at most, 20% of the shifts obtained for the excitation of a purely nucleonic system. This result is almost independent of the number of nucleons involved, and indicates that in hypernuclear excitation, effects beyond the MF are much less important than in the excitation of the ordinary nuclear system. Our model can be further improved in several ways. One of them consists in performing self-consistent calculations, where the single particle basis is generated in a Hartree-Fock approach, with the same Λ -nucleon interaction used in the RPA-like calculations. Other improvements can be obtained by considering nucleonic correlations in the ground state. This could be done in terms of hole-particle excitations, as in the ordinary RPA, in terms of partial occupation probability of the nucleonic single particle states, as it happens in the quasi-particle RPA, and also by considering explicitly the short-range correlations as in Ref. [36] .
